Introduction
Tin and tin based alloys are regarded as potential candidates for the application as anodes in lithium ion batteries [1] [2] [3] [4] [5] . The high theoretical capacity of tin (991 mA h/g [6] , compared with that of the traditional graphite (372 mA h/g [7] , makes it a promising anode material for the future generation of Li-ion batteries. However, the major drawback in employing metallic anodes, in general, is the large volume expansion and the subsequent pulverization that occurs during cyclic, leading to capacity fading [8] [9] [10] . It was reported that the three-dimensional structuring of the anodes can overcome the problems associated with the large volume changes on cycling [11] . It was shown that the 3D-nanowire electrodes can accommodate the volume expansion resulting from Li insertion/ deinsertion during cycling [12] [13] [14] [15] [16] .
In this paper we aim at the synthesis of 3D Sn, In, and Sn-In nanowire arrays via the template assisted electrodeposition approach I N this paper we report on the template assisted electrochemical synthesis of Sn, In, and Sn-In nanowire arrays in the air and water stable ionic liquid 1-ethyl-3-methylimidazolium trifluoromethylsulfonate ([EMIm]TfO). Polycarbonate membrane was employed as a template for the synthesis of nanowires. The electrochemical synthesis of nanowire arrays occurred in two steps; the electrodeposition inside the pores of the membrane and the chemical dissolution of the membrane. The results show that high quality, freestanding nanowire arrays of Sn, In and Sn-In, can be made in the employed ionic liquid electrolytes via a template-assisted electrodeposition regime. The reported synthesis process is quite facile and assures the formation of mechanically stable, freestanding nanowire arrays.
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using an ionic liquid electrolyte. Indium is also an attractive anode candidate due to its high theoretical capacity (1012 mAh/g [17] . The ionic liquid 1-ethyl-3-methylimidazolium trifluoromethylsulfonate ([EMIm]TfO) was employed. SnCl 2 and InCl 3 were used as sources of Sn and In, respectively. It is worth noting that tin and indium can be electrodeposited using aqueous electrolytes [18] [19] [20] [21] . However, aqueous electrolytes usually exhibit serious drawbacks including, the low current efficiency, the dendritic growth of the deposits, and hydrogen evolution during deposition [22] . Furthermore, the massive hydrolysis of the precursors in aqueous solutions and the consecutive formation of metal hydroxides negatively influence the electrodeposition process [23] .
Most of the drawbacks of using aqueous electrolytes for electrodeposition of tin can be avoided using ionic liquid electrolytes [24] [25] [26] [27, 28] . Porous tin was electrodeposited from dicyanamide based ionic liquids [29] . Recently, we showed the electrodeposition of Sn films from the ionic liquid [EMIm] TfO under ambient atmosphere [30] . The electrodeposition of indium from ionic liquid electrolytes was also reported [31, 32] .
We show in this paper that freestanding, stable nanowire arrays of Sn, In, and Sn-In, can be made in the employed ionic liquid. The obtained nanowire arrays are made on an electrodeposited copper supporting layer. The Cu-layer keeps the nanowires freestanding and prevents the nanowire structure from collapsing. Experimental
The electrodeposition of nanowire films of Sn, In and Sn-In alloy was investigated in the ionic liquid1-ethyl-3-methylimidazolium trifluoromethylsulfonate with high purity (IOLITEC, Germany). The ionic liquid was used as received without further purification or drying. SnCl 2 (Alfa Aesar, 99.99 %)) and InCl 3 (MERCK, 99.99 %)) were used as sources of tin and indium, respectively. The concentration of SnCl 2 and InCl 3 in the employed ionic liquid was 0.1M.
Track-etched polycarbonate (PC) membranes (Ion Track Technology for Innovative Products, IT4IP, Belgium) were used as templates for the electrochemical synthesis of nanowires. The membrane was sputtered by a very thin film of gold, about 30 nm thick, to make it conductive and serve as working electrode. Dichloromethane was employed to dissolve the polycarbonate membranes. Pt wires (Alfa, 99.99 %) were used as quasi-reference and counter electrodes. A copper supporting layer was electrodeposited on the gold sputtered side of the membrane using an acidic CuSO 4 bath under potentiostatic conditions. The electrochemical measurements were conducted using a Verstat 263A Potentiostat/ Galvanostat (Princeton Applied Research). The experiments were performed under air and at ambient temperature. The nanowire films were investigated by a high resolution field emission scanning electron microscope (FEG 250) with energy dispersive X-ray analysis.
Results and Discussion

Cyclic voltammetry
The cyclic voltammetry behaviour of the employed ionic liquid containing tin and indium precursors was investigated. and a pronounced cathodic peak (c 3 ). The first two cathodic processes might be attributable to Sn-Au alloying and bulk deposition of Sn, respectively. The cathodic peak c 3 is obviously due to the Sn-In codeposition. On the anodic branch of the cyclic voltammogram, two pronounced anodic processes were observed. The anodic process a 2 is correlated to the stripping of Sn-In deposits. The wide anodic process a 1 can be ascribed to the oxidation of the deposited Sn and surface alloy film of SnAu.
Electrodeposition of nanowire films of Sn, In and Sn-In
The template-assisted electrochemical synthesis of Sn, In and Sn-In nanowire arrays was performed in the ionic liquid [EMIm] TfO using polycarbonate templates. Generally, the utilization of templates has the advantage of getting nanowires with pre-defined and controllable sizes and shapes in addition to the possibility to form vertically aligned nanowire arrays. Prior to the electrodeposition of the nanowires, copper supporting layers were electrodeposited on the gold sputtered side of the PC membrane. Then, nanowires were deposited in a different step within the pores of the non-sputtered side of the membrane. After the chemical dissolution of the PC membrane in dichloromethane, freestanding nanowire structures on an electrodeposited Cu supporting layer were obtained. obtained Sn-In shows the characteristic peaks of both Sn and In indicating the electrodeposition of Sn-In nanowire film (Fig. 4b) .
Such nanowire structures are highly interesting for the application as anodes in Li ion batteries as the free space between the wires makes the diffusion of Li ion into the nanowire film easier and also the large volume change, which occurs during cycling, can be easily accommodated. This would lead to a better anode performance [11, 16] .
Conclusions
The electrochemical synthesis of freestanding, stable nanowire arrays of Sn, In and Sn-In in the ionic liquid [EMIm] TfO via a template-assisted approach was showed. The results showed that high quality nanowire arrays of Sn, In and Sn-In can be electrochemically obtained. The nanowire arrays were mechanically supported by an electrodeposited Cu film formed on the back side of the PC membrane prior to deposition of the nanowires. This would lead to a significant improvement in the performance of the obtained nanowire films when they are employed as anodes in Li-ion batteries.
